Mongolian gerbils (Meriones unguiculatus) use ultrasonic vocal communication in frequency range of 22-45 kHz. However, hearing threshold of this frequency range reported has been very high, which is not suited for vocal communication. We examined possible active amplification created by the outer hair cells for frequency range of 22-45 kHz. In this study, we evaluated the amount of active amplification by the cochlear microphonics (CM) combined with temporary damage created by noise exposure. Adult gerbils received surgical implantation of a silver wire electrode on the round window of their cochlea through the middle ear to record CM. They were exposed to broadband noise (0.5 to 45 kHz) at 90 dB SPL for 5 minutes. CMs were recorded for tone bursts of 1 to 45 kHz. The following results were obtained. First, we observed the largest CM reduction immediately after the noise exposure. Second, decrements in CM amplitude depended on frequency. Largest reduction in CM amplitude was observed in frequency range of 22-45 kHz. Third, decrease in CM amplitude was greater for lower stimulus intensities. These findings indicate that reduction in CM amplitude appeared to be related to the cochlear nonlinearity generated by the outer hair cells. 
INTRODUCTION
Mongolian gerbils (Meriones unguiculatus) are known to be one of highly vocal animals (Kobayasi et al., 2012) . The behavioral audiogram has shown that their hearing range covers roughly between 100 Hz and 60 kHz (Ryan, 1976) . However, more than 80 % of their vocal communications are in frequency range above 25 kHz where hearing threshold reported has been much higher than that between 1 and 10 kHz. Especially, ultrasonic upward FM chirps, named "Greeting call" between 30 and 34 kHz with 34 ms duration, occupy about 60 % of entire vocalization (Nishiyama et al., 2011) . Sound pressure level of Greeting call is about 20 dB above threshold. However, the loudness must be low because its duration is as short as 34 ms. Thus, using the frequency range above 25 kHz does not appear to be well suited for their important vocal communication. We hypothesized that the frequency range above 25 kHz might be actively amplified in the cochlea for Mongolian gerbils to use important ultrasonic vocal communication.
METHODS
We examined possible active amplification created by the outer hair cells for frequency range above 25 kHz, especially for low sensation level. In this study, we evaluated the amount of active amplification by the cochlear microphonics (CM) combined with temporary damage created by noise exposure. Adult gerbils (2 males and 3 females younger than 1 year old) received surgical implantation of a Teflon coated silver wire electrode on the round window of their cochlea through the middle ear to record CM. The opening of the bulla through which the electrode reach the round window was closed with dental cement. A wire from the electrode was fed to a socket fixed on top of the skull. Awake gerbils were exposed to broadband noise (0.5 to 45 kHz) at 90 dB SPL for 5 minutes. CM signals were amplified 2000 times and sent to a PC for recordings through an A/D converter with sampling rate of 192 kHz with 16 bit. Tone bursts of 1 to 45 kHz (1/2 octave steps, 5 ms rise/fall times) with the sound pressure level between 40 and 80 dB SPL (10 dB steps) were used to evoke CM. The CM recordings were made before, during and after noise exposures.
Post exposure measurements were made immediately after the exposure, 5 min, 10 min, 20 min, 30 min, 60 min, 2 hrs, 12 hrs, 36 hrs and 7 days after the exposure.
RESULTS AND DISCUSSION
The following results were obtained. First, we observed the largest CM reduction immediately after the noise exposure. Second, decrements in CM amplitude depended on frequency. Largest reduction in CM amplitude was observed in frequency range of 22-45 kHz where threshold was higher than those for lower frequency range of 1-10 kHz (Figs. 1AB) . Third, decrease in CM amplitude in dB was greater for lower stimulus intensities (Fig. 1B) . Fourth, for testing frequencies, which produced large CM decrements, it took a longer period to recover back to pre-noise exposure amplitude levels. These findings indicate that reduction in CM amplitude appeared to be related to the cochlear nonlinearity generated by the outer hair cells. Stimuli of frequencies between 22 and 45 kHz with low sensation level appeared to be specifically amplified by the outer hair cell and then consequently the amplified CM was immensely reduced due to the loss of active amplification which was created by the outer hair cells. The data may show a possible way for Mongolian gerbils to utilize ultrasonic frequency range for their important vocal communication. FIGURE 1 CM amplitude shift levels in dB measured after noise exposure compared to that measured before noise exposures. A: 80 dB SPL sound stimuli. B: 40 dB SPL sound stimuli. Black bar: noise bandwidth. For 80 dB SPL, CM decreased almost equally for all frequencies (A). On the other hand, for 40dB SPL, remarkable CM amplitude reduction was observed in the high frequency ranges above 22 kHz (B).
